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May 2003
WILLAMETTE RIVER ACOUSTIC DOPPLER CURRENT PROFILER


SURVEY RESULTS


1.0 INTRODUCTION


In the Spring of 2002, while the Willamette River was at a high level, David Evans and
Associates, Inc. (DEA) conducted a series of current monitoring transects in the Portland Harbor.
This investigation was intended as an overview of current velocities and direction over the lower
15 miles of the Willamette River. Evidence of a substantial flow passing down Multnomah
Channel was observed in the data from the initial investigation.  These findings warranted a more
thorough analysis of the area surrounding Multnomah Channel during a tidal exchange in the
Portland Harbor.  River flows in this area are complicated by flows down the Willamette River,
the Columbia River (3 miles down river), Multnomah Channel (a 36 mile channel to the
Columbia River near St. Helens, Oregon) and the influence of tidal exchanges in Multnomah
Channel and the Columbia River. 


In May of 2003 DEA conducted a follow-on ADCP investigation in the vicinity of the
Multnomah Channel (Figure 1.) during lower river levels.  The observations were conducted over
a 14 hour period from high tide to high tide, through one low tide event.  This report presents the
methods and results of the May 2003 ADCP investigation.


2.0 ACOUSTIC DOPPLER CURRENT PROFILING (THEORY OF OPERATION)


The ADCP estimates horizontal and vertical velocity as a function of depth by using the Doppler
effect to measure the radial relative velocity between the instrument and scatterers in the water
column. Three acoustic beams in different directions are the minimal requirement for measuring
the three velocity components. A fourth beam adds redundancy and an error estimate. The ADCP
transmits a ping from each transducer element roughly once per second. The echo arrives back at
the instrument over an extended period, with echoes from shallow depths arriving sooner than
ones from greater ranges. Profiles are produced by range-gating the echo signal, which means the
echo is broken into successive segments called depth bins which correspond to successively
deeper depth ranges. The operator configures the length of each depth bin and the transmit pulse,
which determines the degree of averaging in the vertical, depending on whether one is interested
more in vertical resolution or profile penetration. The relative velocities are rotated from the
transducers to the earth's reference frame using the units internal compass or an externally
supplied heading. Finally, relative velocities and various ancillary parameters are stored on the
survey vessel as raw data files. In shallow areas, such as in rivers, the ADCP can “lock on” to the
bottom and use the bottom track as a very stable reference point from which to calculate absolute
speed and direction of the unit.  This information on the instrument speed and direction is then
subtracted from the relative current information to produce true current velocity and direction.


3.0  DATA ACQUISITION


On May 13, 2003 DEA used the 30-foot survey vessel John B. Preston to conduct Acoustic
Doppler Current Profile (ADCP) measurements across the lower Willamette River near Portland,
Oregon.  Four transects located near the mouth of Multnomah Channel were profiled six times
during the tidal exchange. Appendix B includes a graph of the observed tides at Vancouver
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Washington (5 miles up the Columbia River from the confluence with the Willamette) and
observed tides on the Willamette at the Morrison Bridge (river mile 12.8).  The graph also depicts
the time each transect was made relative to the tidal exchange.


A RD Instruments 1200 kHz Workhorse Sentinel ADCP was deployed from a pole mounted on
the starboard side of the vessel. The unit has an internal compass which was calibrated in the field
with the resulting heading error reduced to less than 1 degree (0.7). A magnetic variation of 18.5
degrees was added to correct the data to true north.  A draft correction of 1.35 feet was logged
and applied to the ADCP data. The system was configured to collect data at 50 cm (1.64 feet)
depth intervals and had a blank after transmit set to 25 cm ( 0.82 feet) to reduce spurious readings
from close to the transducers.  The 50 cm bin setting corresponds to approximately 7 cm per
second precision on the readings. The set of depth bins recorded with each transmission cycle is
referred to as an ensemble. Transit speed was kept to bare minimum to reduce the magnitude of
the vessel vector relative to the river currents. This also enabled more along track acoustic pings
to be averaged in post processing to improve the signal to noise ratio. 


The 4 transect locations (Figure 1.) had been determined in advance and corresponded to specific
areas of interest around the channel entrance. The river elevations were determined by
downloading logged data at two gauges closest to transect locations. The Morrison Bridge Gauge
and the Vancouver Gauge were downloaded from the U.S. Army Corps of Engineers web site and
are included in Appendix B.


The ADCP Winriver software, which was used to log the raw data in the field, saves the files in
sequential series starting with 0 and incremented by 1 each time logging is commenced.  If a line
was aborted the ADCP file count still updated. The files recorded in the field are listed in the
daily log that can be found in Appendix C. The r.000 files are raw ADCP files. The w.000 are
configuration files stored during acquisition, the w.001 files contain any post-processing changes
to the data that may have been made. A summary of transect names and locations is provided in
Table 1.


Table 1:  Transect Locations
Transect LOCATION DESCRIPTION


Mult Across Multnomah Channel approximately 600 feet downstream from the Willamette
3 River Mile 2.5 cross section
4 River Mile 3.1 cross section of Willamette into Multnomah Channel
5 River Mile 4.0 cross section


4.0 DATA PROCESSING


The raw ADCP files were replayed using WinRiver software. After replay, a screen grab was
taken and saved as a jpeg image for presentation in this report. Appendix A includes the jpeg
image for each transect run.  A 5 ensemble average was applied in the along track direction to
improve the data quality. For calculation of flow (Q) through the transect from bank to bank,
distances to the bank were measured from the ADCP transect tracklines in AutoCAD. The
distances measured were to the edge of the TIN model of the bathymetric data collected
previously by DEA. The Q calculations extrapolate the closest bank velocities over the distance
to the bank and assume a bottom shape as specified by the user. For these profiles a triangular
bottom shape was applied for the region being estimated. The Q information is located in the
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lower right hand areas of each transect plot. In the upper right section of each transect plot is an
X, Y graph depicting transect path and a depth averaged stick plot of the current vector. 
The upper profile of each transect plot shows a color plot of current velocities perpendicular to
the transect. The lower profile shows a color plot of the current direction which directly correlates
to the velocity data above. A copy of the WinRiver software and all of the raw data files have
been included on a CD-Rom located in the back of this report.











APPENDIX A


TRANSECT PROFILES











































































































APPENDIX B


TIDE CYCLES - WILLAMETTE AND COLUMBIA RIVERS
MAY 13, 2003







Tide Cycle during May 2003 ADCP Survey
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APPENDIX C
DEA HYDRO SURVEY LOGS







DEA HYDRO SURVEY LOG


Date of Survey: 05/12/2003 Weather: clear skies Seas:calm
Survey Crew:  N. Lesnikowski, M. Stecher Vessel: Preston
Navigation: POS M/V DGPS, Trimble MS750 DGPS Equipment:  RDI 1200 kHz ADCP 


TIME GAUGE RPM LINE AZIMUTH REMARKS


1500 Arrive Fred's Marina


1700 Launch Preston


1845 Compass Calibration


2000 Return To Marina







DEA HYDRO SURVEY LOG


Date of Survey: 05/13/2003 Weather: clear skies Seas:calm
Survey Crew:  N. Lesnikowski, M. Stecher Vessel: Preston
Navigation: POS M/V DGPS, Trimble MS750 DGPS Equipment:  RDI 1200 kHz ADCP 


Time Gauge RPM Line Azimuth Remarks


350 Arrive at Fred's Marina


430 Synchronize system clocks to GPS


531 16 W Transect 3 Pass 1 (TRAN320030513053118_000R)


Abort for vessel traffic


539 16 W Transect 3 Pass 1 (TRAN3000r.000)


626 2 E Transect 4 Pass 1 (TRAN40001r.000)


648 15 W Transect 5 Pass 1 (TRAN5000r.000)


ens 3885 tractor tug wake


723 1 N Multnomah Transect Pass 1 (MULT_000r.000)


744 5.6 Terminal 5 Staff Gage (CRD)


759 16 W Transect 3 Pass 2 (TRAN3002r.000)


822 2 E Transect 4 Pass 2 (TRAN4002r.000)


848 15 W Transect 5 Pass 2 (TRAN5002r.000)


Abort for vessel traffic, large wake


853 15 W Transect 5 Pass 2 (TRAN5003r.000)


918 1 N Multnomah Transect Pass 2 (MULT000r.000)


1018 5.1 Terminal 5 Staff Gage (CRD)


1037 16 W Transect 3 Pass 3 (TRAN3003r.000)


1058 2 E Transect 4 Pass 3 (TRAN4003r.000)


1127 15 W Transect 5 Pass 3 (TRAN5004r.000)


1153 1 N Multnomah Transect Pass 3 (MULT_001r.000)


1226 1 Position Check T52


1235 4.65 Terminal 5 Staff Gage (CRD)


1255 16 W Transect 3 Pass 4 (TRAN3004r.000)


1319 2 E Transect 4 Pass 4 (TRAN4004r.000)


1345 15a W Transect 5 Pass 4 (TRAN5005r.000)


1409 1 N Multnomah Transect Pass 4 (MULT002r.000)


1423 5.1 Terminal 5 Staff Gage (CRD)


1433 1 Position Check T52


1506 16 W Transect 3 Pass 5 (TRAN3005r.000)


1525 2 E Transect 4 Pass 5 (TRAN4005r.000)


1547 15 W Transect 5 Pass 5 (TRAN5006r.000)


1609 1 N Multnomah Transect Pass 5 (MULT_003r.000)


1634 5.7 Terminal 5 Staff Gage (CRD)


1648 16 W Transect 3 Pass 6 (TRAN3006r.000)


1711 2 E Transect 4 Pass 6 (TRAN4006r.000)


1735 15 W Transect 5 Pass 6 (TRAN5007r.000)


1800 1 N Multnomah Transect Pass 6 (MULT_004r.000)
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